О генетическом алгоритме решения задачи возможностной оптимизации при взаимно T_W-связанных параметрах by Солдатенко, И.С.
	
 E<I IE
  
@ 
  
A 
B
  
 TW 	 
C C
 4"!$=
7 72$0 0&
 	 
 	   	 
 ? +. / &2 9. 6/ 218
 +26$  22 + + 62 TW 8.8
60 +20 -&.. &( &6 L&8
0 20 & L 6/  &/ 2.68
0 +2  TW 8.60 621 2 28
j.  2&(2 +2# ?12 7/2 &&j$.8
2 
QNQOXG UYf[SXOP^ ][S ]WvvZ YQyQY [ROX^XvUOX[N RS[\YQ^ XN GUTQ [] ^WOWUYYZ
TW 8SQYUOQ_ RUSU^QOQST XT _QTGSX\Q_ [^RUSUOXyQ UNUYZTXT [] QgWXyUYQNO
GSXTR UNUY[fWQT ][S OPQ TU^Q [ROX^XvUOX[N RS[\YQ^ VPXGP PUT XN [NQ GUTQ
^XN8SQYUOQ_ UN_ XN UN[OPQS GUTQ  TW 8SQYUOQ_ RUSU^QOQST XT fXyQN ePQ
USOXGYQ G[NOUXNT NW^QSXGUY QhU^RYQ UN_ U TQSXQT [] XYYWTOSUOX[NT ][S GSXOQSX[N
]WNGOX[NT _[^UXNT _QiNQ_ \Z SQTOSXGOX[NT XN \[OP GUTQT 
'()  "* 621 +22# 6/ 28
2 !" +26$# 62 TW 8.6 +2#
/ &2 
+,-./012* R[TTX\XYXTOXG ^UOPQ^UOXGUY RS[fSU^^XNf# YQyQY [ROX^XvUOX[N#
fQNQOXG UYf[SXOP^# ^WOWUYYZ TW 8SQYUOQ_ RUSU^QOQST 
3  !"$=" D"4"(%
 ? lDm ?& & &j-. 6/ 621 +228
. lB# F# =m  &/ 62 TW 8.60 +2A
k → max, (1)
π {f0(x, γ) = k}  α0, (2){
π{fi(x, γ) = 0}  αi, i = 1, . . . ,m,
x ∈ X. (3)
 L 6/ f0(x, γ) =
∑n
j=1 a0j(γ)xj , fi(x, γ) =
∑n
j=1 aij(γ)xj − bi(γ), i =
1, . . . ,m. +&.# / a0j(γ)# aij(γ)  bi(γ)  62 TW 8.6 lEm
/ &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 (L,R)8+ l<mA
a0j(γ) = (a′0j , a
′′
0j , η0j , β0j)LR, aij(γ) = (a
′
ij , a
′′
ij , ηij , βij)LR,
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bi(γ) = (b′i, b
′′
i , ηi, βi)LR, x ∈ En+.
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k → max, (4)⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩
n∑
j=1
a′0jxj − max
j=1,...,n
{xjη0j}L−1(α0)  k,
n∑
j=1
a′′0jxj + max
j=1,...,n
{xjβ0j}R−1(α0)  k,
(5)
⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩
n∑
j=1
a′ijxj − max
j=1,...,n
{xjηij}L−1(αi)  b′′i + βiR−1(αi), i = 1, . . . ,m,
n∑
j=1
a′′ijxj + max
j=1,...,n
{xjβij}R−1(αi)  b′i − ηiL−1(αi), i = 1, . . . ,m,
x ∈ X,
(6)
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f ′(x) =
n∑
j=1
a′0jxj − max
j=1,...,n
{xjη0j}L−1(α0),
f ′′(x) =
n∑
j=1
a′′0jxj + max
j=1,...,n
{xjβ0j}R−1(α0).
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k → max,
f ′(x)  k  f ′′(x). (7)
)&( !=" 21   L& 2&#  1- +&8
&( !" +2A
f ′′(x) → max
f ′′(x) − f ′(x)  0.
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f ′′(x) → max, (8)
 
  
    
 D=
⎧⎪⎪⎪⎪⎪⎪⎪⎨
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f ′′(x)− f ′(x)  0,
n∑
j=1
a′ijxj − max
j=1,...,n
{xjηij}L−1(αi)  b′′i + βiR−1(αi), i = 1, . . . ,m,
n∑
j=1
a′′ijxj + max
j=1,...,n
{xjβij}R−1(αi)  b′i − ηiL−1(αi), i = 1, . . . ,m,
x ∈ X.
(9)
 ?& +6  lDm# 6/ !C"8!I" .&..  ?-2 &/ 6/ 28
L2&(  +&  L &. 9. L& 8
2 & $&?62 .&.. +2 / &8
2 +26$ 
5 6E%F%="E%; &$!%( =& "&%!9" 6!%9%D"E%% 4; G$%;
D"4"(%
?-j 02 / &2 21 +( &j-2 ?8
62 l@mA
< $&6$. +2 &2#  / 898:;<=# ># Pc  Pm# A
• 898:;<=  &/ 022  1 ++&.$
• >  # &.j-.  &2 ? 022
• Pc  .(  !+2 Pc × popsize 022 
 022"
• Pm  .( 2$ !+2 Pm × popsize 022 28
j" 
D $&6$. 0 ++&.$ popsize 0222 
@ )7$. - ? 022 + +2- +$ 
 2$ 
B /& &( 7$ &. 1 022 
E /& 6/. 7$ + &. 1 022  8
+&(62 &( 7$ 
F ? 022 + +2- &2 &  72  +8
+&.$ 
=  9 @nF ?02 &/ 6 
C  &/9 022  / +2&( 9. 6/ 
DC  

   &/9. 022 i8 ++&.$ ?.6&( +  (i +
1)8j ++&.$j#  2 ?2 0( 6/ &/9 022# +&8
/  +-0 L+0 ? &2 &  &(92 2 2
?& 09j 022#  2 6+22  2 +1 
22 ?& +?  9 &2 
./ ?
 +2- 022  /0 &20 j. 9. +8
& 6/ +26$ & l@m 21 +&(6(  222 
+? +&. 022  /  -  +2 &/
 2+  60 x = (x1, x2, . . . , xn) +..  /
  j.   2 & /  +$   28
$ +6..  +&&(.2 &  $  2 &/
/ &2 ? +  22 2 x ?6 
.    ? 2 2j  +2-   
) 2.  2 +?# &.  /?  &1.( &2
+$.2 .  . /0   2( &.(
/ +$# .  ?-2 &/ # & 022 8
j. /2 2 
.. 5
5   
2 +6&.j +&.( +$2 ? / &2
  0 ? 6  ?-2 &/ L77(  ? 2. +8
22j &6$j &2# 2 212 L+2&( +?( 68
/. +2# + 0 +&. 6/ ? 9(. ?&
L77 /&( 1 ? 6/ +2 . &?
 $0 L+# 6j-0 +2j ?&( 92 6/# &? L
+2 ?j.  
 6 ?& 10 +2  62 ++&.$  &92 28
&(2 62 ++&.$ 9 &2 ? +&.(. ?# 
?-. 02( &2  +2&(2 9j ? 2&#  2
1 +9.  6.  ?& &&( +22  &92
?&(9 ++&.$ +&  9 &2 + +j  +8
+&.$ ? 62( 6/&( 2.# 0. +6 ?  &8
2 /( 9  .( 01. &?&( L22 6 2(9
/& $ &2 9# /2  +2 &/  686 # / 18
. $. +&.. &#  2 &2    +2 &/ ?
?( & 
.@ 5
5 ")   $5
$ $&6$ 0 ++&.$ 6&j/.  + 2
popsize 0222  ?-2 &/ +6&(0 6/#  2  2
0..  ?& +20 9 +& 6/ 
 
  
    
 DI
.A    5 

&. +&. +$  2 ?2 Pc×popsize 022 &8
/2 ?62 ,2 &( L &j-2 ?62 
&. 0 i = 1 . . . popsize
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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 Pc×popsize 022  V1, V2, V3,
. . . , Vc, c ≈ Pc × popsize  +$  &1 /( + 08
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?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2 &/2 ?62 + 022 (V ′1 , V
′
2), (V
′
3 , V
′
4), . . . 
22 + (V ′1 , V
′
2) 2 &/ /& c ∈ (0, 1) & L
+&2 +$j  &. (V ′1 , V ′2)A
X = c× V ′1 + (1− c)× V ′2 Y = (1− c)× V ′1 + c× V ′2 .
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Z = V ′′i + M × d.
& Z 9& 6 ?&( +20 9 6/#  ?2 &/2
?62 /& M ′ ∈ (0,M)  +.2 +$j    &2  0 +#
+ &?  +&/2 j +2j 022# &? +  +2 68
 /& $ +$ 2. k2 62.2 0j 022
V ′′i +&/ 
@>  

.C 	 4$5  4$5  
 92 &/ &( 7$ .&.. +262. 7$.
92 6/ 
:$. + +6&. +1( 022 ++&.$# +8
 2 6/ . 1. 2 ?62# /? ?& +0.8
-.. + j  +/2 022 2& ?&(9j .( + 
&j-j ++&.$j  6 +? +.  7$ 6&j/8
.  &j-2 
	+./2  022 - ++&.$ + ?j 0 +0.-8
 !&. 9 6/ 226$  + ?j 6/. &(
7$" k2 ?2 &/2 ?62 +2 a ∈ (0, 1)  6+92 78
2& +A
eval(Vi) = a× (1− a)i−1, i = 1, . . . , popsize.
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q0 = 0,
qi =
i∑
j=1
eval(Vj), i = 1, . . . , popsize
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2 + n = m = 2  +20 α0 = 0.5# α1 = 0.3  α2 = 0.4A
k → max,
π {a01(γ)x1 + a02(γ)x2 = k}  0.5,⎧⎨
⎩
π {a11(γ)x1 + a12(γ)x2 − b1(γ) = 0}  0.3,
π {a21(γ)x1 + a22(γ)x2 − b2(γ) = 0}  0.4,
x ∈ R2+.
k( a01(γ)# a02(γ)# a11(γ)# a12(γ)# a21(γ)# a22(γ)# b1(γ)  b2(γ)  &.
62 TW 8.6 / &/A
a01(γ) = Tr(1, 2), a02(γ) = Tr(5, 3), a11(γ) = Tr(8, 3), a12(γ) = Tr(−2, 1),
a21(γ) = Tr(1, 2), a22(γ) = Tr(−5, 4), b1(γ) = Tr(14, 7), b2(γ) = Tr(0, 5).
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L(t) = R(t) = max{0, 1− t}, t ∈ R1+.
&/2 /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/ (L,R)8+A
a01(γ) = (1, 1, 1, 1)LR, a02(γ) =
(
5, 5,
3
2
,
3
2
)
LR
,
a11(γ) =
(
8, 8,
3
2
,
3
2
)
LR
, a12(γ) =
(
−2,−2, 1
2
,
1
2
)
LR
, b1(γ) =
(
14, 14,
7
2
,
7
2
)
LR
,
a21(γ) = (1, 1, 1, 1)LR, a22(γ) = (−5,−5, 2, 2)LR, b2(γ) =
(
0, 0,
5
2
,
5
2
)
LR
.
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x1 + 5x2 +
1
2
max
{
x1,
3
2
x2
}
→ max, (10)
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
max
{
x1,
3
2
x2
}
 0,
8x1 − 2x2 −max
{
3
2
x1,
1
2
x2
}
· 0.7  16.45,
8x1 − 2x2 + max
{
3
2
x1,
1
2
x2
}
· 0.7  11.55,
x1 − 5x2 −max {x1, 2x2} · 0.6  1.5,
x1 − 5x2 + max {x1, 2x2} · 0.6  −1.5,
x ∈ R2+.
(11)
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x1 ≈ 2.70206, x2 ≈ 1.16466, FW (x1, x2) ≈ 9.87638.
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1.5x1 + 5.75x2 → max,⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩
6.95x1 − 2.35x2  16.45,
9.05x1 − 1.65x2  11.55,
0.4x1 − 6.2x2  1.5,
1.6x1 − 3.8x2  −1.5,
x ∈ R2+.
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x1 ≈ 2.915, x2 ≈ 1.6223, FM (x1, x2) ≈ 13.701.
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# /  aij(γ) 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 2.6A
XαiM =
{
x : π {fi(x, γ) = 0}  αi
}
, aij(γ)  bi(γ)  2.6,
 /6 XαiW  + &# /  aij(γ)  bi(γ)  TW 8.6A
XαiW =
{
x : π {fi(x, γ) = 0}  αi
}
, aij(γ)  bi(γ)  TW 8.6.
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m⋂
i=1
XαiW ⊆
m⋂
i=1
XαiM .
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x1 + 5x2 → max,⎧⎨
⎩
8x1 − 2x2 − 14 = 0,
x1 − 5x2 = 0,
x ∈ R2+.
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x1 ≈ 1.842, x2 ≈ 0.368, FC(x1, x2) ≈ 3.682.
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FW (x)  FT (x)  FM (x).
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